In several species, seed longevity may be influenced by genotype and storage environment. It is scarce researches that evaluated those effects in onion seeds. From the exposed, it was aimed to evaluate the behavior from onion seeds of different genotypes stored in three conditions of relative humidity (25; 35 and 45% RH) monitored during six different storage periods. The research was executed at the Laboratório de Análise de Sementes e Recursos Genéticos from Universidade Federal de Uberlândia, Monte Carmelo Campus -MG. After harvested, the seeds of two cultivars were storaged in three conditions (SC): 25, 35 e 45% of relative humidity (RH). It was kept the same temperature (17ºC) in all storage conditions. After one year of storage, it was collected monthly seed samples of each genotype inside each storage condition for evaluation of physiological potential with vigor and germination tests. There was significant effect in germination and vigor of the seeds in the storage period and condition and in genotype versus environment, in all analysed variables. The quality of onion seeds may be influenced by genotype, storage conditions and storage period. The best condition to storage onion seeds is at 35% of RH. Seed deterioration was increased with storage period, although, short storage periods have increased germination rates.
INTRODUCTION
The onion (Allium cepa L.) represents the third vegetable in economic importance in Brazil and world. In 2014, onion yields in Brazil was nearly 1.65 million of tons in 57.7 thousands of hectares harvested (IBGE, 2015) . Only brazilian market of onion seeds moved around 20 million US dollars, occurring sowing in more than 41,000 hectares (ABCSEM, 2012) . Furthermore, due the proven potential related to heterosis exploration in onion hybrids (MALUF, 2001; MAY et al., 2007) , united to the capacity to support high plant density, the demand of seeds has increase, not only in volume, but also in quality. The success of onion production is dependent of good seedling establishment in the field, as well as for other vegetables. Seed quality is defined by the sum of genetic, physical, physiological and sanitary attributes, and they can affect directly on the final stand establishment of an onion field. There are reports that onion seeds and may be influenced by genetic constitution and environmental conditions before sowing (RAO et al.,2006) .
Relative humidity (RH) can influence the physiological seed quality, especially the vigor, during the storage period. This influence is explained because of the relation between RH and seed moisture content, which can interfere in the control of metabolic events during the storage period. Although the best conditions for maintaining orthodox seed quality are low relative humidity and low temperature (NASCIMENTO et al., 2006) , there is not a specific agreement for onion seeds (A. cepa) .
Storage period can also affect physiological seed quality (CUNHA et al., 2009) . Medeiros et al. (2013) concluded that, for this variable, reduction of vigor is caused by lipid peroxidation during storage period. This deterioration is also affected by seed moisture content. Also, genotype is the basis of seed quality and frequently vigor's tests are used as selection criterion in breeding programs (MARCOS FILHO, 1999) . For Gondim et al. (2006) , genotype factor must be considered when quality of seed lots from different cultivars are evaluated.
Due the lack of researches allied to increasing demand for seeds with the best quality for onion production, it is necessary studies that relate possible effects of relative humidity, storage period and genotype with physiological seed quality of onion seeds. In this context, the purpose of this study was to evaluate the behavior from onion seeds of different genotypes stored in three conditions of relative humidity (25; 35 and 45% RH) monitored during the storage period. It was used basic seeds of onion from the genotypes 'Sprint' and 'Mulata', harvested in July of 2012 in the city of Bagé/RS. After harvested, the seeds of each cultivar were divided in three equal portions and stored separately for one year (07/15/12 to 07/15/13), in the storage conditions (SC): 25, 35 e 45% of relative humidity (RH). It was kept the same temperature (17ºC) in all storage conditions. After a year of storage, it was collected monthly seed samples of each genotype inside each storage condition for evaluation of physiological potential with the following tests: moisture content (MC), electrical conductivity (EC), standard germination test (SGT), germination speed index (GSI), first-count germination (FCG), emergence speed index (ESI) seedling emergence (SE) and germination at low temperature (GLT).
MATERIAL AND METHODS

Laboratorial
In each collect performed monthly, it was checked moisture content of each genotype by oven method 105±3ºC (BRASIL, 2009) . For electrical conductivity (EC) it was performed the mass method (VIEIRA; KRZYZANOWSKI, 1999), using four subsamples of 50 seeds preweighed in precision balance (0.0001g). After that, the seeds were placed in disposable plastic cups with 50 ml of distilled water (electrical conductivity between 1 and 3 µS.cm -1 ), and remained in a Germinator Biochemical Oxygen Demand type (B.O.D.) set in constant temperature of 25 ºC for 24 hours. Past 24 hours, it was read electrical conductivity of solution with a conductivimeter, and the results were expressed by µS.cm -1 .g -1 of seed. Standard germination test (SGT) was made with four subsamples of 100 seeds distributed equally over two germitest paper sheets, moistened 2.5 times the weight of the substrate with distilled water, in gerbox and kept in Mangelsdorf Germinator at 25 ºC and 12 hours of photoperiod. Daily counts were performed to determine the germination speed index (GSI), being the 12 th day after sowing computed the germination percentage (BRASIL, 2009) . It was used the formula proposed by Maguire (1962) to calculate GSI, where GSI = (G 1 /N 1 ) + (G 2 /N 2 ) + ... + (Gn/Nn); being GSI: germination speed index; G 1 , G 2 , ..., Gn: number of germinated seeds in first, second, to the last count; and N 1 , N 2 , ..., Nn: number of days from sowing to the first, second and last count. It was also registered the first-count germination (FCG) of the germination percentages in the sixth day after sowing (NAKAGAWA, 1999) .
It was adopted methodology recommended by AOSA (1983) and described by Dias and Alvarenga (1999) to measure Germination at Low Temperature (GLT), using four subsamples of 50 seeds each, uniformly distributed in transparent gerboxes with germitest paper previously moistened 2.5 times the weight of the substrate with distilled water. The water was kept at 15 ºC for 24 hours, before beginning of the test, so that seeds could have started the soaking process in the recommended temperature (15 ºC). After sowing, the gerboxes were sealed with scotch tape and kept in B.O.D. incubator at 15 ºC for seven days. After this time, gerboxes were unsealed and transferred to a Mangelsdorf Germinator regulated at 25ºC for more seven days, with irrigation when necessary. The results were expressed as normal seedlings percentage with length higher or equal to 2.0 cm.
Field tests were performed along with laboratorial tests. It was used four subsamples of 50 seeds to measure Emergence Speed Index (ESI). The seeds were distributed in individual cells of polystyrene trays filled with coconut fiber base commercial substrate. After sowing, trays were put at greenhouse and irrigated when necessary. The evaluations were daily, in a period of 13 days counted after sowing, computing the number of normal seedlings emerged each day. To calculate ESI, it was used the formula proposed by Maguire (1962) : ESI = E1/N1 + E2/N2 + ... + En/Nn; where ESI: emergence speed index; E 1 , E 2 , ..., En: number of germinated seedlings in first, second, to the last count; e N 1 , N 2 , ..., Nn: number of days from sowing to the first, second and last count. Seedling emergence (SE) was also made in conjoint with ESI test, computing the number of normal seedlings emerged at 13 th day after sowing, and the results were expressed as normal seedlings percentage (NAKAGAWA, 1999) . 1636 Genetic, environmental effects… MACIEL, G. M. et al.
The individual experiments were made following a complete randomized design, with four replications, in 2 x 3 factorial (Genotype x Storage condition). It was proceeded a conjoint analysis of the experiments with storage period stratification (because the experiments were independent and performed with same methodology), with the objective of evaluate if storage period affect the analyzed variables, making a 2 x 3 x 6 triple factorial, with six different storage periods assumed after the installation of the first experiment (0, 30, 60, 90, 120, 150 days) . Conjoint analysis was available because the ratio between the highest and lowest residual mean square of each variable was lower than seven (BANZATO; KRONKA, 2006) . Before conjoint analysis, the assumptions of normality of residuals and homogeneity of variances were performed for the individual experiments by Shapiro-Wilk and Levene tests, respectively. Statistical proceedings were executed with software SISVAR (FERREIRA, 2011) and the data were submitted to F-test (p-value=0.01). If significant difference between treatments were detected, pairwise comparisons were performed by Tukey post hoc test (p-value =0.05) for storage condition and genotype, and regression analysis were submitted for storage period. Only interactions of interest were performed with the aim of find trends between variables. Table 1 shows moisture content (%) of the onion seed lots stored at different periods and environmental conditions. In a general way, for the distinct lots of seeds evaluated, it was verified similar moisture content in two storage conditions (25 and 35% RH), independent from the analyzed genotype. Uniformity between lots revealed that even in the storage condition of 25% as 35% of RH, there is no significant interference of the seed hygroscopic equilibrium with the ambience. Seeds moisture content is influenced by relative humidity of the storage ambience, affecting their physiological quality (TORRES, 2005) . Metabolic activity of seeds can be reduced with water content maintenance, preserving physiological quality and increasing storage period (CARDOSO et al., 2012) . However, significant effects (Tukey post hoc test) proportionated to the seed lots when storaged at 45% of RH, indicate that seeds suffered from the hygroscopic equilibrium in this conditions. Results of Neto et al. (2014) showed that moisture content of pumpkin seeds were directly affected by relative humidity. In this context, when seeds moisture content are higher, their physiological quality tends to be less due deterioration increase, causing higher respiration rate. Martins et al. (2014) found this described behavior in carrot seeds.
RESULTS AND DISCUSSION
The results from F test (p-value<0.01) reveal significant effect in germination and vigor in storage period and condition, and also in Genotype versus environment interaction in all analyzed variables (EC, SGT, GSI, FCG, ESI, SE, GLT) ( Table 2) . Germination data at Table 3 showed difference in germination in function of genotype and storage conditions. According to Lima et al. (2007) , genetic factor affects directly on physiological seed quality. The best storage condition for the seeds of cultivar Mulata was at 25% of RH providing 96% of germination, contradicting with cultivar Sprint that displayed better germination (91.87%) in storage condition of 35% RH, during the storage period.
Differences between the lots indicated alterations in seed deterioration, occurring variability in lots of same cultivar (Table 3) . Results from EC, SGT, GSI, FCG, ESI, SE and GLT tests supports superior germination from Sprint genotype at 35% of RH. Superior quality in Mulata seeds was found in storage at 25% of RH reflecting best results in all vigor tests, including EC (197.49 µS.cm -1 .g -1 ), indicating less deterioration in this condition. Many factors can affect the electrical conductivity in seeds (RODRIGUES et al., 2006) , including the genotype (VIEIRA et al., 2002) , as verified by Silva et al. (2010) in cultivars of soybean. The results are in concordance with Silva et al. (2011) and Martins et al. (2014) , who reported interference of genotype factors in vigor of carrot seeds. Means followed by the same small letters in columns, do not differ significantly by Tukey's test (p-value ≤0.05). EC: Electrical conductivity (µS.cm -1 .g -1 ); SGT: Standard germination test (%); GSI: germination speed index (seeds day -1 ); FCG: first-count germination (%); ESI: emergence speed index (seeds day -1 ); SE: seedling emergence (%); GLT: germination at low temperature (%).
This work reveals that RH could be capable of reduce or maximize onion seeds longevity, occurring specific conditions according to genotype (Table 3) . Studies by Binotti et al. (2008) demonstrated that storage of bean seeds in higher relative humidities associated with higher temperatures intensifies deterioration because of respiration rate rise. Germination was affected by relative humidity during storage period in pumpkin seeds (NETO et al., 2014) .
Germination superiority in each analysed genotype in the beginning of storage is not guarantee of quality keeping until the moment of sowing or longevity similar to other lots with same initial germination. In this context, at ending of storage period, it could be different final quality of the lots. Vegetables in general, are more inclined to deterioration, because of lesser seed reserves compared to other field crops (FREITAS, 2009) .
The storage period affected all the variables analysed, despite that interaction between genotype and storage condition only occurred to EC, ESI and SE. A quadratic increase was observed for SGT, GSI, FCG, and GLT (Figure 1) . These results showed how seed deterioration increases and germination rates lower with time. However, it was observed increment of values with short time storage (maximum data obtained around sixty days in the four equations).
This could be explained by reactive oxygen (ROS) and nitrogen (RNS) species increasing regardless of storage conditions. Both molecules are formed in seeds at stress situations, but small concentrations of them helps to accelerate and active metabolic pathways on seeds, improving germination (KRANNER et al., 2010) . Until sixty days, ROS and RNS increase helped the germination, but after this period, the continuous increase affected seeds and their deterioration. Electrical conductivity values confirm linear seed deterioration with time in all storage conditions (Figure 2 ). However 35% of RH condition performed the best results with the lowest increases of EC. For ESI and SE, no regression was significantly adjusted. Evaluating watermelon seeds behavior stored for twelve months, Torres (2005) obtained increased values in electrical conductivity from the eighth month, due to deterioration process. Genetic Same results were obtained by Nakada et al. (2010) with cucumber seeds. In a general way, storage at 35% of RH resulted at lower deterioration rates in onion seeds. Between the two analysed genotypes (Mulata and Sprint) the best condition varied (25 and 35% RH, respectively), indicating that not only between lots, but also between genotypes, there is reduction in seed deterioration speed in function of different storage conditions. For pumpkin seeds, results of Neto et al. (2014) , differed from those found, where the best storage condition was at 45% of RH. Appropriate conditions of storage enable physiological seed quality maintenance, minimizing their deterioration (CARDOSO et al., 2012) .
CONCLUSIONS
The quality of onion seeds may be influenced by genotype, storage conditions and storage period.
The best condition to storage onion seeds is at 35% of RH.
Seed deterioration was increased with storage period, although, short storage periods have increased germination rates.
RESUMO:
Em várias espécies, a longevidade das sementes pode ser influenciada pelo genótipo e ambiente de armazenamento. São escassas pesquisas que avaliaram tais efeitos em sementes de cebola. Diante do exposto, objetivouse avaliar a qualidade fisiológica das sementes de diferentes genótipos de cebola armazenados em três condições de umidade relativa (25; 35 e 45% UR) durante seis períodos de armazenamento. A pesquisa foi desenvolvida no Laboratório de Análise de Sementes e Recursos Genéticos da Universidade Federal de Uberlândia, Campus Monte Carmelo-MG. Após colhidas, as sementes de dois genótipos foram armazenadas em três condições de armazenamento (25, 35 e 45 % de umidade relativa) em temperatura padrão (17 °C) durante o período de um ano. Em seguida coletou-se mensalmente amostras de sementes representando cada genótipo em função das condições propostas de armazenamento para avaliação do potencial fisiológico por meio de testes de vigor e percentagem de germinação. Pode-se constar o efeito significativo tanto na germinação quanto no vigor das sementes no período e ambiente de armazenamento e na interação entre genótipo versus ambiente, em todas as variáveis analisadas. A qualidade das sementes de cebola pode ser influenciada pelo genótipo e pelas condições e período de armazenamento. A melhor condição de armazenamento para sementes de cebola foi de 35% UR. A deterioração da semente aumentou com o período de armazenamento, embora que pequenos períodos de armazenamento melhoraram as taxas de germinação.
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